ABSTRACT. The fine structural alterations of hepatocytes of Japanese monkeys under 4 days of fasting stress were analyzed morphometrically. One of the conspicuous alterations was the enlargement of mitochondria. The average diameter of mitochondria in fasting group increased to approximately 1.89-fold of that in control group, though their number did not change. The number of peroxisomes was 1.36-fold of that in control, though their area did not change. In addition, many of r-ER were swollen and were vesiculated. The appearance of bundle of actin-like stress fiber also increased in the fasting animals. The glycogen area as well as liver weight decreased in fasting group. -KEY WORDS: fasting stress, hepatocyte, monkey.
fasting and control groups indicated that the area of mitochondria and number of peroxisomes significantly increased, while the number of mitochondria and area of peroxisomes were unchanged.
The percentage of liver weight to body weight decreased significantly from 2.54% (control) to 2.06% (fasting) (Fig.  5 ). The short term (24 hr) starvation induced a significant decrease in the weight and volume of hepatocytes of rats [5] . About 95% of hepatocyte atrophy was due to the decrease in glycogen and endoplasmic reticulum membranes, and about 5% was the depletion of lipid droplets [5] . The decrease in liver weight may be interpreted as the fasting-induced enhancement of protein degradation in rat liver [5] . Glycogen area also decreased in fasting hepatocytes in this experiment. In rats, the precipitous fall of glycogenic activity during the transition from the fed to fasting states was associated with a transient increase in plasma glucagon [23] . The fall of portal venous concentration of glucose and secretion of glucagon act as signals to initiate liver glycogen metabolism characteristic of the fasting state [23] . In the fasting conditions, epinephrine plays an essential role in stress-induced hyperglycemia [25] .
The average diameter of mitochondria in unit area was approximately 1.89-fold in fasting animals, though the number of mitochondria did not change. The deformation of cristae, increase of matrix granules and the fusion of outer membranes of adjacent mitochondria [16] were related to the pathology of mitochondria [14, 16] . A series of biochemical changes caused by fasting stress were associated with the giant mitochondria. Fasting shifted the subcellular distribution of the enzyme toward mitochondria and refeeding in previously fasted rats shifted the distribution of the enzyme toward cytoplasm [1, 19] . Protein, vitamin and related nutritional deficiencies were also related to giant mitochondria. The effects of feeding a protein-free diet were reported on the mitochondrial respiration and on phospholipid fatty acids of mitochondria in the rat liver. The decrease in P/O (adenosine diphosphate (ADP) molecules consumed/oxygen atoms consumed during ADP-stimulated respiration) of mitochondria might be Although there are some publications on the morphological alteration of liver under various stressors [4, 5, [20] [21] [22] [23] [24] [25] , no study on monkey liver has been reported. This experiment was to evaluate size (area) and number of mitochondria and peroxisomes by morphometry as a series of experiments on peroxisome induction by stress [24] .
Of 20 Japanese monkeys (average body weight was 4.8 kg and average liver weight was 120 g), 12 of them were allowed to drink only water for 4 days, while 8 control animals were fed primate diet (PS, Oriental Yeast Co., Ltd.) ad libitum.
Under the code of animal experiment of Yamaguchi University, animals were anesthetized with overdose of ketalar (Sankyo Co.). The weight of liver was measured and the pieces of liver samples were fixed in 4% glutaraldehyde in 0.1 M cacodylate buffer at pH7.4 followed by post-fixation with 1% OsO 4 for electron microscopy. Then, specimens were dehydrated in ethanol, infiltrated by propyleneoxide, and embedded in the mixture of epon 812 resin. Ultrathin sections were stained with ulanyl acetate and lead citrate. At least 3 blocks of resin were randomly selected from each animal and more than 5 electron micrographs for 1 block were taken at the same magnification (× 9,000). Both the number and the area of mitochondrion and peroxisome were measured by a computer-aided pattern analyzer (Olympus-PIAS PC-9801).
Compared with the fine structure of normal hepatocytes of control Japanese monkeys (Fig. 1) , the most conspicuous ultrastructural alteration in hepatocytes of fasting monkeys was the enlargement of mitochondria (Fig. 2) . The matrix of giant mitochondria was denser than that of normal ones and the cristae were irregular and occasionally displaced to the margin of mitochondrion (Fig. 2) .
The dilatation or vesiculation of r-ER was also conspicuous in the fasting animal. The dilated rER was aggregated in the hepatocyte cytoplasm (Fig. 3) . The stress fibers were often identified (Fig. 4) . The number of glycogen granules decreased remarkably in the fasting hepatocytes.
The differences in size (area) and number of mitochondria (Table 1 ) and those of peroxisomes (Table 2) between closely related to their enlargement [18] . The concentration of potassium ions in the mitochondria under fasting stress lowers by 20-30% at an average as compared to the control [6] . An essential fatty acid deficiency, enforced by the Fig. 1 . Fine structure of a normal hepatocyte of control Japanese monkey. × 18,000. Fig. 2 . A megamitochondrion (*) in a fasting monkey hepatocyte. × 17,500. Fig. 3 . An aggregated r-ER (rER) in a hepatocyte of a fasting monkey. × 24,000. Fig. 4 . Stress fibers (arrow) in the cytoplasm of a hepatocyte of a fasting monkey. P: peroxisome, G: Golgi complex. × 17,500.
Fig. 5. Percentage of liver weight (LW) to body weight (BW).
The mean values of percentage of LW/BW in the fasting groups and the control groups were 2.06% and 2.54%, respectively. With the t-test examination, there was a significant difference between fasting and control groups (P<0.05). The t-tests were conducted between stress and control groups respectively. a,b P<0.05 and c,d P>0.05; There was a significant difference in number of peroxisome, though not in area of peroxisome. The t-tests were conducted between stress and control groups, respectively. a,b) P>0.05 and c,d P<0.05; There was a significant difference in mitochondrial size (area), though not in number of mitochondria.
presence of transfatty acid in the diet, was most likely the d e t e r m i n i n g f a c t o r f o r t h e d e v e l o p m e n t o f megamitochondria. In the fasting condition, the long-chain fatty acids can be transported through the inner mitochondrial membrane to the enzymes of fatty acid oxidation and ketogenesis [7] . Various conditions including starvation, cause the dilation of r-ER in hepatocytes. The ER hypertrophy (Fig. 3) was an earliest response of cells to stress. Endoplasmin in the endoplasmic reticulum is one of stress proteins [10, 11] . The starvation stress can induce the synthesis of the glucoseregulated proteins, which is involved in the stabilization of membrane-bound and secreted proteins by forming soluble complexes utilizing ATP [13] .
In this experiment, the number of peroxisomes was significantly increased in fasting group, though the area of peroxisome did not change. However, both the number and the area of peroxisome in the renal tubule cells increased significantly in fasting monkeys [24] . The increase of peroxisomal number was associated with the increase of enzymes involved in the β-oxidation of fatty acid [15, 17] .
When cells are exposed to heat or chemical stress, the expression of genes for heat-shock proteins (HSPS) is enhanced and stress proteins are accumulated in cells to tolerate against the additional stress and adapt to the new circumstances [3, 9] . Caloric restriction elicited stress proteins 27, 34, 70, and 90 in the hypothalamus [2] . In cultured hepatocytes, stress fibers, which are related to the stress proteins [8, 12] , are often recognized. Although the relations between stress fiber, stress proteins, and target proteins, are beyond the scope of this report, the bundles of actin-like filaments (Fig. 4) are conspicuous in hepatocytes of animals under fasting stress.
